INTRODUCTION
Charadriiformes (shorebirds and allies) are a globally distributed clade including more than 360 morphologically and ecologically diverse species (del Hoyo et al., 1996) . In part because charadriiforms were previously considered a basal neornithine lineage and were influential in the development of the largely refuted 'transitional shorebird' hypothesis (Olson, 1985; Feduccia, 1996) , dating cladogenetic events in Charadrii-SMITH: CHARADRIIFORMES CALIBRATION 2 formes has remained a topic of considerable interest. Consequently, there have been at least seven divergence time estimates that have included or focused on this clade (or charadriiform subclades) in recent years (Paton et al., 2002; Paton et al., 2003; Pereira and Baker, 2006; Ericson et al. 2006; Brown et al., 2007; Baker et al., 2007; Weir and Mursleen, 2012) . Those analyses have utilized different data (i.e., a variety of mitochondrial and nuclear genes), varied in the choice, age assignments, and types of calibrations applied (e.g., secondary external and/or internal fossil calibrations), and have used multiple types of dating software (reviewed by Smith, 2011a) . Not surprisingly, previous divergence time analyses have recovered ages ranging from ~57-108 Ma for the basal divergence among crown Charadriiformes. Although methodological issues are certainly responsible for some portion of the magnitude of variation in recovered dates, choice of fossil calibrations and the prior age information assigned to fossils used as calibrations has no doubt contributed to the discrepancy between previous analyses of the clade (Mayr, 2011; Smith, 2011a; Parham et al., 2012; Smith and Clarke, in press ). To alleviate uncertainty related to choice and age assignments of fossil calibrations in future divergence analyses including charadriiforms, 16 rigorously evaluated charadriiform calibrations are described herein. Parham et al. (2012) . Names and ages of geologic intervals follow the International Geologic Time Scale (International Commission on Stratigraphy, 2012). Node numbers following the "Node Calibrated" headings refer to nodes labeled on the phylograms depicted in Figures 1 and 2 .
METHODS

Fossil calibration criteria follow
CLADE CHARADRIIFORMES
Node Calibrated (1): Charadriiformes (shorebirds and allies). Divergence of the clade Charadriiformes (shorebirds and allies) from its nearest outgroup (see below for discussion of outgroup; Figure 1 ).
Fossil Taxon. Charadriiformes incertae sedis Mayr, 2000 . Specimen. SMF-ME 2458A+B (Forschungsinstitut Senckenberg, Frankfurt, Germany) partial postcranial skeleton. Phylogenetic Justification. SMF-ME 2458A+B was referred to Charadriiformes by Mayr (2000) based on apomorphies of the coracoid, humerus and carpometacarpus. The following apomorphies that support referral of SMF-ME 2458A+B were cited by Mayr (2000:626) : (1) coracoid with protruding tuberculum brachiale and broad facies articularis clavicularis; (2) furcula with long and slender processus acromialis (except Burhinidae); (3) humerus with more or less well developed processus supracondylaris dorsalis (except Alcidae, Burhinidae, Jacanidae); (4) synsacrum perforated by many foramina intertransversaria; (5) crista cnemialis cranialis of tibiotarsus greatly enlarged; (6) fourth phalanx of fourth toe shorter than third phalanx (except Alcidae); (7) hallux strongly reduced or absent (except Jacanidae). However, the affinities of SMF-ME 2458A+B within Charadriiformes (i.e., stem or crown) are uncertain because it has not been included in a phylogenetic analysis. No alternative hypothesis has been proposed linking this specimen to any clade other than Charadriiformes. Minimum Age. Middle Eocene (Lutetian) 46.5 Ma Soft Maximum Age. Not specified Age Justification. Igneous rocks from Messel were dated using 40 Ar/ 39 Ar methods to 47.8 ± 0.2 Ma and correspond with biostratigraphic reference level MP 11 (i.e., the base of the Geiseltalian European Land Mammal Age; Mertz and Renne, 2005) . The span of the Geiseltalian is estimated at 47.5-46.5 Ma (Mertz and Renne, 2005) . Discussion. The systematic position of Charadriiformes among Aves is not unambiguously established because the results of analyses of higher-level phylogenetic relationships of Aves are incongruent (Mayr and Clarke, 2003; Hackett et al., 2008; Zusi, 2006, 2007; Brown et al., 2007; Ericson et al., 2006) , thus complicating the choice of a fossil calibration to date the split of Charadriiformes from its nearest outgroup. For example, if Charadriiformes are the sister taxon to the 'waterbird' clade as hypothesized by Brown et al., 2007, Because of the uncertainty associated with the establishment of the outgroup to Charadriiformes, a conservative strategy of using the earliest record of Charadriiformes is justified. All Mesozoic and Paleocene fossils referred to Charadriiformes (e.g., Harrison and Walker, 1977; Olson and Paris, 1987) consist of unassociated and undiagnostic fragments (Hope, 2002; Clarke and Norell, 2002; Mayr, 2005) . Records of charadriiforms from the Eocene include the German specimen listed above (Mayr, 2000) , a Pan-Alcidae fossil from the Late Eocene (~35 Ma) of eastern North America (Chandler and Parmley, 2002; see below) , an isolated humerus from the Middle Eocene of China (Hou and Ericson, 2002; see below) , and a putative charadriiform specimen from eastern North America (Olson, 1999) . Early Eocene (~53 Ma) material referred to Charadriiformes by Olson (1999) is considered too fragmentary for referral to Charadriiformes (Mayr, 2005) . Therefore, SMF-ME 2458A+B represents the earliest definitive record of Charadriiformes. However, the possibility that SMF-ME 2458A+B represents the stem lineage of Charadriiformes cannot be excluded, and awaits its inclusion in a phylogenetic analysis with sufficiently sampled outgroup taxa to Charadriiformes. Despite the uncertain affinities of putative charadriiforms from the Mesozoic and Paleocene, these fossils have been used as calibrations in previous divergence time analyses. For example, the list of fossil taxa used to constrain the age of the split of Charadriiformes from its nearest outgroup by Baker et al. (2007) and Pereira and Baker (2008) includes three species of Paleotringa, three species of Cimolopteryx, and Ceramornis major from the Late Cretaceous or Early Paleocene (see Baker et al., 2007, table S3) . Ceramornis is considered to be Neornithes incertae sedis (Hope, 2002) , and is therefore inappropriate for use as a charadriiform fossil calibration. The referral of Cimolopteryx to Charadriiformes is not certain (Hope, 2002) . Accordingly, Cimolopteryx should not be used as a calibration point to date the basal divergence among charadriiforms. Baker et al. (2007) and Pereira and Baker (2008) used specimens referred to the Late Cretaceous or Early Paleocene taxon Paleotringa to date the minimum age of the Lari-Scolopaci split and the split of Charadriiformes from their outgroup respectively. Specimens referred to Paleotringa include isolated partial tibiotarsi, tarsometatarsi, and humeri (Brodkorb, 1967) and do not preserve any apomorphies that would allow their referral to Charadriiformes (Hope, 2002 Baker et al. (2007) to date the split between Charadrius and Elseyornis + Thinornis. Not only was the date assigned to that taxon incorrect, but the affinities of Charadrius sheppardianus have not been confidently established (Olson, 1985; Smith, 2011a; Parham et al., 2012) . The holotype of C. sheppardianus (AMNH 2576) was re-examined by Ksepka and Clarke (2009) , who concurred with the designation of that specimen as Aves incertae sedis by Olson (1985) . Therefore, Charadrius sheppardianus should not be used as a fossil calibration in future divergence analyses.
Vanellus selysii was used a prior on the divergence between Vanellus and other closely related Charadrii by Baker et al., (2007) . However, the taxonomic affinities of Vanellus selysii have not been confidently established (Olson, 1985; Smith, 2011a (Hugueney et al., 2003) . The age of the boundary between the Oligocene and Miocene has been revised to 23.03 Ma (International Commission on Stratigraphy, 2012.) and is recommended herein as a constraint on the divergence between Burhinidae and other Charadrii. Discussion. The fossil record of Burhinidae, and the early fossil record of Charadrii in general, is quite sparse (Mayr, 2009; De Pietri and Scofield, 2013) . The next oldest record of Burhinidae is Burhinus lucorum from the early Miocene of North America (Bickart, 1981) . Results of molecular sequence-based phylogenetic analyses (e.g., Baker et al., 2007;  Figure 1 ) place Burhinidae as the sister taxon to a clade consisting of the Sheathbills (i.e., Burhinus and Esacus) and the monotypic genus Pluvianellus (i.e., Magellanic Plover P. socialis). In contrast, a recent morphology-based phylogenetic analysis recovered Burhinidae as the sister taxon to the monotypic plover genus Pluvianus (i.e., Egyptian Plover P. aegyptius; Mayr, 2011) . If Burhinidae is the sister taxon to Pluvianus, rather than the sister taxon to Pluvianellus as represented herein, then Genucrassum bransatensis would provide a calibration for the basal divergence of crown Charadrii.
CLADE JACANIDAE Node Calibrated (4): Jacanidae (Jesus birds)
Divergence of Jacanidae (i.e., Jacana and Hydrophasianus, lily trotters) from other Scolopaci (e.g., Bartramia longicauda, Numenius minutus; Figure 1 (Smith, 2011a, figure 8.4) . Although material referred to three Oligocene species of Jacanidae (including Nupharanassa bulotorum) consists entirely of distal tarsometatarsi, fossil jacanid species are characterized by the "huge distal foramen, broad tendinal groove, and flattened shaft unique to this family" (Rasmussen et al., 1987:7) . The relatively enlarged distal vascular foramen was optimized as an apomorphy of Jacanidae and the possession of a broad anterior groove that extends proximally form the distal vascular foramen is optimized as an apomorphy of Jacanidae, Glareolidae, and Scolopacidae among charadriiforms sampled by Smith (2011a) . Minimum Age. Early Oligocene (Rupelian) 30.0 Ma Soft Maximum Age. Not specified Age Justification. Jacanidae fossils are known from quarries M and E (see Rasmussen et al., 1987) of the Jebel Qatrani Formation in Egypt, which span the period between ~33-30 Ma. That age estimate has been established using biostratigraphic, radiometric, and magnetostratigraphic correlations (Seiffert, 2006 and references therein) . Although remains of the jacanid Nupharanassa tolutaria are definitely older than Nupharanassa bulotorum, that taxon has not been included in a phylogenetic analysis and therefore, a more conservative date of 30.0 Ma is suggested to calibrate the split between Jacanidae and other Scolopaci until the affinities of Nupharanassa tolutaria are better established. Discussion. The oldest known fossils referable to the Jacanidae, and of the Scolopaci are from the Early Oligocene Jebel Qatrani Formation of Egypt (Rasmussen et al., 1987) . However, because Nupharanassa bulotorum can be referred to a more nested position within Scolopaci, this fossil should not be used as a calibration for the split between Scolopaci and Lari. The enigmatic taxon Halcyornis topiapicus (sic, Halcyornis toliapicus) was used by Pereira and Baker (2008) to date the minimum age of divergence between the Lari and Scolopaci. The systematic position of H. toliapicus has not been previously evaluated in a phylogenetic analysis and H. toliapicus has been previously allied with charadriiforms, coraciiforms, and stem psittaciforms (reviewed by Smith and Clarke, 2012) . The isolated holotype specimen of H. toliapicus consists of an incomplete cranium, and although current evidence supports placement of this taxon in Charadriiformes, endocranial characteristics may be too ecologically plastic (i.e., potentially phylogenetically misleading) to facilitate taxonomic referrals (Smith and Clarke, 2012) . Therefore, because the true affinities of H. toliapicus remain uncertain, that specimen should not be used as a fossil calibration. Subsequently, because the taxonomic affinities of H. toliapicus remain uncertain, consideration should be given to resurrecting the taxon name Pseudasturidae Mayr 1998 for the stem Psittaciformes taxa known from Europe and North America (see Mayr, 2009; Ksepka et al., 2011) .
Additional scolopacid taxa including Micropalama hesternus, Limosa gypsorum, and Numenius antiquus, have been applied as fossil calibrations within Charadriiformes (Baker et al., 2007; Cibois et al., 2012) . Although those taxa and other fragmentary remains referred to the clade likely represent examples of fossil Scolopaci (reviewed by Mayr, 2009 ), none of those taxa can be confidently referred to extant genera (i.e., crown Scolopaci), and those fossils should not be used to calibrate node ages until their systematic positions can be more precisely established (Mayr, 2009; Smith, 2011a; De Pietri and Mayr, 2012 basis of apomorphic characters of the cranium and postcranium (Ballmann, 2004) . The following apomorphies that support referral of Mirolia brevirostrata to Calidridinae were cited by Ballmann (2004:111) : "the shallow and narrow origin of m. depressor mandibulae on the cranium and the corresponding short processus retroarticularis; the relatively short bill, with a moderately reinforced dorsal bar; the shape of the processus supracondylaris dorsalis on the humerus; humerus about the same length as the tarsometatarsus." Although material referred to Mirolia brevirostrata has not been included in a phylogenetic analysis, the referral of material to this clade has not been questioned (De Pietri and Mayr, 2012) . Minimum Age. Middle Miocene (Serravallian) 11.62 Ma Soft Maximum Age. Not specified Age Justification. The Nördlinger Ries basin is an impact crater, and an absolute minimum age for the impact event was established at 14.8 ± 0.7 Ma based on radiometric methods (Ballmann, 2004) . Fossils from the Nördlinger Ries basin have been dated to the Middle Miocene (Astaracian; MN 6; 16.0-11.6 Ma; i.e., Langhian-Serravallian) on the basis of faunal correlation (Ballmann, 2004) . The exact age of the fossils has not been determined so a conservative strategy of using the age of the Serravallian-Tortonian boundary is recommended until more precise age estimates become available. Discussion. Additional scolopacid fossils are younger than Mirolia brevirostrata or are of uncertain taxonomic affinity within Scolopacidae. For example, Limosa vanrossemi Miller, 1925 is from the Late Miocene of California and is in need of taxonomic re-evaluation. Although a putative Scolopacidae was described from the Early Oligocene of France by Roux (2002) , the affinities of that specimen within Scolopacidae are not known. Given that an Early Oligocene jacanid provides a more nested calibration of similar age within Scolopacidae, the putative scolopacid described by Roux (2002) should not be used as a fossil calibration for divergence time analyses until its systematic position is further evaluated.
CLADE TURNICIDAE
Node Calibrated (6): Turnicidae (buttonquail). Divergence of Turnicidae (buttonquails) from Lari (gulls, terns, alcids, and skimmers; Figure 1 ) Fossil Taxon. Turnipax oechslerorum Mayr and Knopf, 2007 Specimen. SMF Av 506a+b (Forschungsinstitut Senckenberg, Frankfurt, Germany) holotype specimen of Turnipax oechslerorum, partial postcranial skeleton. Phylogenetic Justification. Turnipax represents the stem lineage of Turnicidae (buttonquails) and was originally referred to that clade based on apomorphic characters of the coracoid, scapula, furcula, and humerus (Mayr, 2000) . In addition to characters cited by Mayr (2000) , Mayr and Knopf (2007:775) cited the following apomorphies that support referral of species of Turnipax to Turnicidae: (1) impressio musculi sternocoracoidei on extremitas sternalis of coracoid deeply excavated; (2) processus procoracoideus very broad; (3) caudal margin of sternum with single pair of incisions; (4) incisura capitis of humerus with transverse ridge; (5) incisions in caudal margin of sternum proportionally shorter; (6) ulna long and slender; (7) carpometacarpus elongate, with straight os metacarpale minus; (8) presence of a short hallux. Although Turnipax oechslerorum has not been included in a phylogenetic analysis, no alternative hypothesis has been proposed linking this taxon to any clade other than Turnicidae. Minimum Age. Early Oligocene (Rupelian) 30.0 Ma Soft Maximum Age. Not specified Age Justification. Geologic studies of the clay deposits of Frauenweiler, Germany have dated them to the Early Oligocene (MP22) and established an absolute age of 32.0-30.0 Ma for those deposits based on micropaleontological correlations (Micklich and Hildebrandt, 2005) . Discussion. Although the systematic affinities of buttonquail have long been disputed (i.e., alternatively considered part of Charadriiformes, Gruiformes, or Galliformes; del Hoyo et al., 1996) , recent molecular sequence based analyses support Turnicidae as part of Charadriiformes (Baker et al., 2007; Hackett et al., 2008) . Although fossils of Turnicidae (i.e., stem buttonquail) are known from the Early Oligocene (~32 Ma) of France and Germany (Mayr, 2000; Mayr and Knopf, 2007) , the systematic placement of the extant taxon Turnix remains an issue of contention (Baker et al., 2007; Hackett et al., 2008; Livezey, 2009 Livezey, , 2010 . Therefore the node at which Turnipax oechslerorum is applied as a fossil calibration will depend on the topology of the phylogenetic tree being dated. The results of Baker et al. (2007) and Hackett et al. (2008) are congruent in their placement of Turnix as the sister taxon to Lari, and Turnipax oechslerorum is herein suggested as a potential fossil cali-bration for that node (i.e., the split between Turnix and Lari). Although, a more nested node within Lari can be assigned an older date (Alcidae divergence from Stercorariidae; see below), the systematic position of Turnicidae remains an issue of contention. Therefore, as stated above, use of Turnipax oechslerorum as a fossil calibration will depend on the hypothesis of relationships.
CLADE LAROMORPHAE
Node Calibrated (7): Laromorphae (auks, gulls, terns and allies). Basal Divergence of Laromorphae (i.e., basal divergence of the clade including Laridae, Sternidae, Rynchopidae, Gygis and Anous; Figure 1 with an age estimated between 24.1-23.6 Ma (Hugueney et al., 2003) . Discussion. Originally described as 'Larus elegans,' this taxon, along with 'Larus desnoyersii,' and 'Larus totanoides' were transferred into the newly erected genus Laricola by Mlikovsky (2002); Smith and Clarke, in press. The fossil calibration used by Baker et al. (2007) to date the Larus-Rissa split at 15.9 Ma is listed as 4 spp. of Larus and corresponds in Brodkorb (1967) to Laricola elegans, Laricola totanoides, and Laricola desnoyersii from the Early Miocene of France and Larus pristinus from the early Miocene of Oregon. The holotype specimen of Larus pristinus is an isolated proximal tibiotarsus. In addition to the fact that these taxa may or may not be coeval, the referral of 'Larus' desnoyersii and Larus pristinus to Laridae was questioned on the basis of osteological characteristics (Olson, 1985) . The extensive taxonomic revision and material referred to species of Laricola by De Pietri et al. (2011) should facilitate future species level evaluation of taxa in that clade. However, Laricola elegans is the only Laromorphae taxon that is potentially complete enough to warrant inclusion in phylogenetic analysis and until the species-level affinities of Laricola elegans and other extinct Laromorphae can be further evaluated, a conservative approach with regard to the use of Laricola elegans as a fossil calibration is suggested (i.e., calibrating the basal divergence among Laromorphae).
CLADE PAN-ALCIDAE -STERCORARIIDAE
Node Calibrated (8): Pan-Alcidae (auks) -Stercorariidae (skuas). Divergence of Pan-Alcidae (auks) from Stercorariidae (skuas and jaegers; Figures 1, 2 ) Fossil Taxon. Pan-Alcidae incertae sedis (Chandler and Parmley, 2002; Smith, 2011a) Specimen. GCVP 5690 (Georgia College and State University Vertebrate Paleontology Collection, Milledgeville, GA, USA) distal humerus. Phylogenetic Justification. GCVP 5690 was included in a combined analysis of morphological and molecular sequence data by Smith (2011a) . The results of that analysis were inconclusive regarding the position of the taxon represented by GCVP 5690, hence the designation Pan-Alcidae incertae sedis. No alternative hypothesis has been proposed linking this specimen to any clade other than Pan-Alcidae. The sister taxon relationship between Pan-Alcidae and Stercorariidae is supported by analyses of morphological and molecular sequence data (Baker et al., 2007; Pereira and Baker, 2008; Smith, 2011a,b; Smith and Clarke, in press ). Minimum Age. Late Eocene (Priabonian) 34.2 Ma Soft Maximum Age. Not specified Age Justification. The oldest fossil pan-alcid is from Late Eocene deposits of the Hardie Mine located in Gordon, Georgia USA (Chandler and Parmley, 2002) . Fossils of sharks, rays, bony fishes, snakes, and the auk specimen (GCVP 5690) have been recovered from an approximately one meter thick, in situ bed of the Late Eocene Clinchfield Formation, a basal unit of the Barnwell Group (Huddelstun and Hetrick, 1986; Westgate, 2001) . The Hardie Mine exposures of the Clinchfield Formation are a discrete fossiliferous unit with no evidence of mixing with older or younger bounding units (Parmley and Holman, 2003) . Evidence from shark, mammalian, mollusk, and dinocyst assemblages support a Late Eocene age for the Clinchfield Formation sediments exposed at Hardie Mine (Parmley and Holman, 2003) . The dinocyst assemblage is correlated with assemblages from other localities in Georgia and South Carolina that are placed in calcareous nannofossil zone NP 19/ 20, and have been assigned an age of 36.0-34.2 Ma. Congruent with the criteria proposed by Parham et al. (2012) , the youngest possible date (34.2 Ma) is suggested here as a hard minimum bound on the age of divergence between crown Alcidae and Stercorariidae. Discussion. This fossil has been used previously to date the minimum time of divergence between Pan-Alcidae and its sister taxon Stercorariidae (Smith, 2011a; Weir and Mursleen, 2012; Smith and Clarke, in press ). GCVP 5690 displays the apomorphic dorsoventrally flattened shaft and proximally extended dorsal supracondylar process that distinguishes the humeri of pan-alcids from all other charadriiforms (see Smith, 2011a, figure 8 .2, table 8.5). The fossil is otherwise too fragmentary (i.e., an isolated distal humerus) to provide details of potentially plesiomorphic character states within Pan-Alcidae but it nonetheless, provides the oldest unambiguous record of the clade. The next oldest fossils referred to the Pan-Alcidae are two fragmentary and isolated specimens from the Iwaki Formation in Japan that are in need of systematic re-evaluation (Ono and Hasegawa, 1991) . Other previously reported records of Eocene and Oligocene Pan-Alcidae have been taxonomically reassigned to other clades (i.e., no longer considered pan-alcids). Species of Nautilornis Wetmore 1926 from the Early Eocene of Utah were referred to Presbyornithidae (Feduccia and McGrew, 1974) and Hydrotherikornis oregonus Miller 1931 from the Late Eocene of Oregon was referred to Procellariiformes (Chandler 1990a; Chandler and Parmley, 2002) . Petralca austriaca from the Late Oligocene of Austria was referred to Gaviidae (Wijnker and Olson, 2009; Mayr, 2009) . I have examined the holotype specimens of Petralca austriaca and Hydrotherikornis oregonus and concur with their removal from Pan-Alcidae.
Of the three previous divergence estimates that focused specifically on alcids (Pereira and Baker, 2008; Smith, 2011a; Weir and Mursleen, 2012) only that of Smith (2011a) provided justification for the calibrations used (i.e., apomorphybased specimen referrals and review of age determinations). Moreover, nearly every calibration employed by Pereira and Baker (2008) and Weir and Mursleen (2012) was incorrectly dated (e.g., a date of 11.6 Ma assigned to 'Uria antiqua'), incorrectly taxonomically assigned (e.g., Cerorhinca dubia; see discussion of node 8 below), or arguably inappropriate for use as a calibration (i.e., external calibrations). The variability of calibrations used in those three analyses is evident in the range of resulting node age estimates. For example, the age of the basal split among crown Alcidae was estimated at 19.8 Ma (Weir and Mursleen, 2012) , 33.83 (Smith, 2011a) , and 54.9 Ma (Pereira and Baker, 2008) . Although some of the discrepancy between those estimates is likely due to utilization of different divergence estimation software [i.e., Multidivtime (Thorne and Kishino, 2002) versus BEAST Drummond et al., 2012) ], this example highlights the importance of vetting fossils to be used as calibrations and the effect that calibration choice can have on results of divergence time analyses.
CLADE AETHIINI -FRATERCULINI
Node Calibrated (9): Aethiini (auklets) -Fraterculini (puffins). Divergence of Aethiini (auklets) from Fraterculini (puffins; Figure 2 ) Fossil Taxon. Aethia barnesi Smith, 2013 Specimen. LACM 107031 (Los Angeles County Museum of Natural History, Los Angeles, California, USA) holotype specimen of Aethia barnesi, distal humerus. Phylogenetic Justification. The systematic position of Aethia barnesi was established based on a combined analysis of morphological and molecular sequence data (Smith, 2011a; Smith, 2013) . Aethia barnesi was placed at the base of an unresolved Aethiini clade. Aethia barnesi was alternatively placed in a polytomy with the extant species Aethia pygmaea and Aethia cristatella (Smith, 2013) . Apomorphies supporting referral of A. barnesi to Aethiini are provided by Smith (2013) . Because Aethia barnesi is older than known fossils of Fraterculini (Smith, 2011a; Smith, 2013) , thus, it provides a hard minimum bound on the age of divergence between those clades. Minimum Age. Late Miocene (Messinian) 6.7 Ma Soft Maximum Age. Not specified Age Justification. The vertebrate assemblages of the San Mateo Formation were reviewed by Barnes et al. (1981) , who designated the lower assemblage, from which the holotype specimen of Aethia barnesi was recovered, the San Luis Rey River Local Fauna (SLRRLF). Age estimates for the SLRRLF based upon terrestrial mammal and marine bird fossils range from approximately 6.7-10.0 Ma (Late Miocene or Tortonian-Messinian equivalent; Barnes et al. 1981; Domning and Deméré, 1984 ; see discussion below regarding the age justification for Cepphus olsoni). Therefore, 6.7 Ma is suggested as a minimum age for the divergence of Aethiini from Fraterculini. Discussion. Additional material referred to Aethiini (i.e., Aethia and Ptychoramphus) is considered too fragmentary for referral (e.g., Aethia rossmoori), can no longer be located (Aethia sp.; LACM 37686), or is younger in age than Aethia barnesi (e.g., Aethia storeri; reviewed by Smith, 2013) .
Ptychoramphus tenuis Miller and Bowman, 1958 was used previously to date the divergence of Ptychoramphus from Aethia (Baker et al., 2007; Pereira and Baker, 2008; Weir and Mursleen, 2012) . As the name implies, the distinction of Ptychoramphus tenuis as a separate species was, at best tenuous, and based only on its age. The Pliocene or Pleistocene (3.6-1.5 Ma) holotype specimen of Ptychoramphus tenuis is an operational equivalent of the extant species Ptychoramphus aleuticus (Smith, 2013) , and is therefore inappropriate for use as a calibration because Aethia barnesi is older and potentially occupies a more deeply nested position in Aethiini (Smith, 2013) .
CLADE ATLANTIC PUFFIN -HORNED PUFFIN
Node Calibrated (10): Atlantic Puffin -Horned Puffin. Divergence of the Atlantic Puffin Fratercula arctica from the Horned Puffin Fratercula corniculata (Figure 2 ) Fossil Taxon. Fratercula aff. arctica Specimen. USNM 490887 (Smithsonian Institution, National Museum of Natural History, Washington, DC, USA) humerus.
Phylogenetic Justification. Although never included in a phylogenetic analysis, specimens referred to Fratercula aff. arctica by Olson and Rasmussen (2001) and Smith et al. (2007) were scored into the morphological phylogenetic data matrix of Smith (2011a) and were determined to be operational equivalents of the extant exemplars of Fratercula arctica that were included in that combined phylogenetic analysis. Fratercula arctica and Fratercula corniculata have been recovered as sister taxa to the exclusion of the Tufted Puffin Fratercula cirrhata in analyses of morphological and molecular sequence data (Moum et al., 1994; Friesen et al., 1996; Thomas et al., 2004; Pereira and Baker, 2008; Smith, 2011a,b; Smith and Clarke, in press ). Minimum Age. Early Pliocene (Zanclean) 4.2 Ma Soft Maximum Age. Not specified Age Justification. The Early Pliocene Yorktown Formation has been assigned an age of 4.4 ± 0.2 Ma based on K/Ar dating of the Orionina vaughani assemblage zone, and correlated with planktonic foraminifera Zone N19 (Hazel, 1983) . Discussion. The Fraterculini consist of Cerorhinca and its sister taxon Fratercula. Although fossils have been previously referred to Cerorhinca, older fossil remains of Fratercula aff. arctica provide a minimum age of divergence for a more nested node in Fraterculini. (i.e., the divergence of F. arctica from F. corniculata). Additional remains referred to Fratercula are the same age (e.g., Fratercula aff. cirrhata from the Yorktown Fm.) or younger than Fratercula aff. arctica (e.g., Fratercula dowi, Guthrie et al., 1999) . Putatively older remains of Fratercula reported by Howard (1978) can no longer be located and can therefore, not be systematically evaluated (discussed by Smith, 2011a) . Fratercula remains from the Early Pliocene Kattendijk Sands Formation of Belgium (Dyke and Walker, 2005) have not been phylogenetically evaluated and no diagnostic characters were provided to support referral of those specimens to Fraterculini. Remains referred to Cerorhinca are either younger than Fratercula aff. arctica (e.g., Cerorhinca minor; Howard, 1971; Cerorhinca reai; Chandler, 1990b) or of uncertain taxonomic affinity (e.g., Cerorhinca spp.; Howard, 1968; Chandler 1990b ; see phylogenetic analysis by Smith, 2011a) .
The taxon Cerorhinca dubia Miller, 1925 has been used previously to date the divergence between Cerorhinca and Fratercula (Baker et al., 2007; Pereira and Baker, 2008; Weir and Mursleen, 2012 ). Cerorhinca dubia was described from 12 the Middle Miocene Monterey Formation, and consists only of pelvic limb impressions (see Smith, 2011a, figure 4 .2). That specimen was tentatively described as a new taxon based upon the relative proportions of the preserved elements as compared with Cerorhinca monocerata. The referral of that specimen to Cerorhinca is, as its name implies, dubious at best, and as such, it is inappropriate for use as a fossil calibration.
CLADE CEPPHUS Node Calibrated (11): Cepphus (guillemots).
Divergence of the Spectacled Guillemot Cepphus carbo from the Black Guillemot Cepphus grylle and the Pigeon Guillemot Cepphus columba (Figure 2 ) Fossil Taxon. Cepphus olsoni Howard, 1982 Specimen. LACM 107032 (Los Angeles County Museum of Natural History, Los Angeles, California, USA) holotype specimen of Cepphus olsoni, humerus. Phylogenetic Justification. The only phylogenetic assessment of the systematic position of Cepphus olsoni recovered it as the sister taxon of the extant species Cepphus carbo, with Cepphus grylle and Cepphus columba in unresolved positions at the base of Cepphus (combined analysis; Smith, 2011a). Minimum Age. Late Miocene (Messinian) 6.7 Ma Soft Maximum Age. Not specified Age Justification. The vertebrate assemblages of the San Mateo Formation were reviewed by Barnes et al. (1981) , who designated the lower assemblage the San Luis Rey River Local Fauna (SLRRLF), and the upper assemblage the Lawrence Canyon Local Fauna (LCLF). Based on biostratigraphic correlation of marine vertebrates and terrestrial mammals, the age of the younger LCLF has been proposed to be latest Miocene or earliest Pliocene (~5.0 Ma), and correlative with the Late Hemphillian North American Land Mammal Age (Domning and Deméré, 1984) . Pan-Alcidae fossils, including the holotype humerus of Cepphus olsoni have been recovered from the older SLRRLF. Age estimates for the SLRRLF based upon terrestrial mammal and marine bird fossils range from approximately 6.7-10.0 Ma (Late Miocene or Tortonian-Messinian equivalent; Barnes et al., 1981; Domning and Deméré, 1984) . Therefore, the minimum estimated age of 6.7 Ma is suggested as a minimum age of divergence for the split between Cepphus carbo and other extant species of Cepphus. Discussion. Although an older putative Cepphini fossil (~14 Ma) was described by Wijnker and Olson (2009) and included in the phylogenetic analysis of Smith (2011a) , the position of Pseudocepphus teres as the sister taxon to the rest of Cepphini was not considered strongly supported in the results of that analysis. Furthermore, the affinities of Pseudocepphus teres were originally hypothesized to be closer to Alcini (i.e., Alca and Miocepphus), and morphological characters shared with Cepphus were considered convergent by Wijnker and Olson (2009) . Until additional material representing Pseudocepphus teres is recovered and the systematic position of that taxon can be more confidently established, its application as a fossil calibration remains uncertain. (Smith, 2011a) . The referral of Synthliboramphus rineyi to Synthliboramphus has not been questioned. Minimum Age. Early Pleistocene (Calabrian) 1.5 Ma Soft Maximum Age. Not specified Age Justification. The age of the San Diego Formation sediments from which the holotype specimen of Synthliboramphus rineyi was recovered was reviewed by Wagner et al. (2001) . Based on microfaunal analysis and correlation with mammalian and molluskan assemblages of known age, the age of San Diego Formation is estimated to range from 3.6-1.5 Ma (i.e., Middle Pliocene to Early Pleistocene; Piacenzian-Calabrian; Wagner et al., 2001) . The San Diego Formation was divided into 7 stratigraphic sub-units by Wagner et al. (2001) . Paleomagnetic analysis indicates that sub-unit two can be correlated with Gilbert Chron C2Ar and Gauss Chron C2An.3n boundary, which has been assigned an age of 3.6 Ma (Wagner et al., 2001) . However, the provenance of the holotype speci-men within the San Diego Formation (i.e., what sub-unit it was collected from) is uncertain. Therefore the more conservative date of 1.5 Ma is recommended with respect to the age assignment of this specimen for divergence time analyses. Discussion. Because the holotype specimen of Synthliboramphus rineyi is a humerus, because there are no known associated specimens of this taxon, and because there are other pan-alcid taxa known from the San Diego Formation (Aethia, Brachyramphus, Cerorhinca, Mancalla) there was no basis for referral of additional remains (coracoids, ulna, tarsometatarsus) to this taxon by Chandler (1990b; discussed by Smith, 2011a) . Therefore, this calibration must be based solely on the holotype specimen until associated remains of this taxon are discovered that would allow for referral of additional skeletal elements or until the stratigraphic range of Synthliboramphus rineyi is extended by recovery of additional remains referable to that taxon. (Smith, 2011a; Smith and Clarke, 2011) . The sister taxon relationship between Uria and Alle is also supported by the results of previous analyses of molecular sequence data (Thomas et al., 2004; Pereira and Baker, 2008 1996) . Discussion. Species of Miocepphus were previously included in phylogenetic analysis (Smith and Clarke, 2011, in press ). The results of those analyses are congruent with previously proposed morphology-based interpretations of close systematic relationship between Alle and Miocepphus (Olson and Rasmussen, 2001; Wijnker and Olson, 2009 (Olson, 2013) . Although the specimen has not been included in a phylogenetic analysis, it would likely be an operational equivalent of specimens of Uria lomvia scored by Smith (2011a) and the referral of that specimen to Uria lomvia has not been questioned. Minimum Age. Late Pliocene (Piacenzian) 2.6 Ma Soft Maximum Age. Not specified Age Justification. The transgressive marine sequences that outcrop at Tolstoi Point, and from which the Uria remains were recovered, are interpreted as equivalent to the Bigbendian and Colvillian stages and the absolute ages have been established at 2.6-3.0 Ma on the basis of stratigraphic and biostratigraphic correlations (BrighamGrette and Carter 1992; Olson, 2013) .
CLADE CRAVERI'S MURRELET -XANTUS'S MURRELET
CLADE MARBLED MURRELET -KITTLITZ'S MURRELET
Discussion. An additional fossil record of Uria was described from the late Pleistocene of Maine by Marsh (1872) . Uria affinis lacks any characters that differentiate it from modern species of Uria and may represent a fossil occurrence of one of those modern forms (Smith and Clarke, 2011) . However, the occurrence of Uria lomvia in the Pliocene of Alaska pre-dates the occurrence of Uria affinis, and therefore, Uria affinis should not be considered for use as a fossil calibration.
CLADE RAZORBILL AUK -GREAT AUK
Node Calibrated (16): Razorbill Auk -Great Auk. Divergence of the Razorbill Auk Alca torda from the Great Auk Pinguinus impennis (Figure 2 ) Fossil Taxon. Alca cf. torda Linnaeus, 1758 Specimen. USNM 237157 (Smithsonian Institution, National Museum of Natural History, Washington, DC, USA) humerus; Additional fossils referred to the extant species Alca torda are listed in Wijnker and Olson (2009) and in Smith and Clarke (2011, appendix 2) . Phylogenetic Justification. Alca and Pinguinus have been recovered as sister taxa in the results of analyses of morphological and molecular sequence data (Strauch 1985 , Chandler 1990a Moum et al. 2002; Baker et al. 2007; Pereira and Baker 2008; Smith and Clarke, 2011; Smith and Clarke, in press 1996) . The earliest records of Pinguinus are from the Early Pliocene (4.4 Ma) of North Carolina (Olson and Rasmussen, 2001; Smith and Clarke, 2011) . Discussion. The fossil calibration used to date the split between Uria and Alca + Alle by Baker et al. (2007) is listed as Uria antiqua. The name of this taxon was changed to Alca antiqua by Olson and Rasmussen (2001) to reflect its affinities with that clade, and subsequently amended to Alca grandis by Olson (2007) because the name Alca antiqua was unavailable according to the international code of zoological nomenclature (International Commission on Zoological Nomenclature, 2000). Although the holotype specimen of Alca grandis cannot be definitively assigned an age because its exact provenience is not known, the age of Alca grandis is now considered to be Early Pliocene (~4.4 Ma) rather than middle Miocene (11.6 Ma) based on the abundant remains of this taxon from the Pliocene Yorktown Formation of Beaufort County, North Carolina (Olson and Rasmussen, 2001; Smith and Clarke, 2011) . "The extension of the temporal range of an extant species into the Miocene prompts questions about both the longevity and diagnosability of species, though no discrete differences in size or morphology between Miocene and Pliocene fossils attributed to A. torda and extant A. torda specimens were noted in specimens examined." (Smith and Clarke, 2011:19) . Regardless of the potential for cryptic species to lead to underestimation of species diversity, remains attributed to Alca aff. torda do provide a hard minimum bound on the age of the split between Alca and its sister taxon Pinguinus.
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